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Abstract 

Influential models based on an increasing body of neuroimaging evidence propose that 

insular cortex integrates cognitive, affective, sensory and autonomic information to create a 

consciously perceived, “feeling state”. To appraise these models and evaluate interpretations 

of neuroimaging findings, we review evidence pertaining to the psychological and 

behavioural consequences of insula lesions. We focus on the emotional, perceptual, 

sensorimotor symptoms and disorders of body awareness associated with insula damage. This 

comprehensive review is intended to inform existing neuropsychological models of insula 

function in order to guide future research. 
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Introduction 

 

Our knowledge regarding the functions of the insula (insular cortex or Island of Reil) are 

derived from partly convergent evidence from animal experiments, clinical reports, 

stimulation studies and more recently functional neuroimaging experiments. Located deep 

within the Sylvian fissure, the human insula is regarded as the “hidden fifth lobe”. 

Macroscopically, the structure is divided into anterior and posterior portions by the central 

insular sulcus. In phylogenetic terms, the insula evolved from a smooth structure, as in the 

new world monkey, to 5-7 lobes in humans, reflecting increased organisational and thus 

probably functional complexity.  Anatomical and cytoarchitectural studies also suggest 

subregional specialization within the insula [1, 2].   Post mortem dissections show that the 

main arterial supply to the insula is the middle cerebral artery (MCA) predominantly the 

sylvian segment (M2). Isolated insular infarcts are uncommon, occlusion of the MCA results 

in cerebral infarction which typically affects the insula but will often result in diffuse damage 

across neighbouring regions including the internal capsule and basal ganglia. The insula can 

be affected by both high grade and low grade gliomas. Due to its location and functional 

complexity, resection of insula tumours has traditionally been viewed as hazardous and this 

procedure is not well documented.  

Studies using direct cortical stimulation link the insula to visceral sensation and 

autonomic regulation. Patients describe gastrointestinal sensations involving nausea and 

associated chewing, swallowing, salivation and also inhibition of respiration [3] and changes 

in heart rate [4]. Indeed a number of studies report autonomic dysregulation as a result of 

damage to the insula [4, 5]. Functional neuroimaging studies reveal insular cortex to be active 

in  a more diverse set of behavioural contexts including language, auditory processing, risk 

processing, sensorimotor processing, pain processing, taste and flavour perception in addition 
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to, or in conjunction with, autonomic processing. Enhanced insula activity also appears to be 

a signature of affective symptoms and neuropsychiatric disturbances including anxiety 

disorders [6], drug addiction [7] and emotional dysregulation [8].  Thus one challenge in 

developing a satisfactory neuropsychological model of insula function is to account for its 

involvement across these different domains which require access across multiple functional 

circuits.  It is thus unclear if a unitary account of insula functioning is feasible or realistic. In 

the most general terms, one could argue that the insula serves an integrative function.  An 

alternative would be to consider the insula to have a core function (e.g. in visceral control) 

from which, over the course of evolution, more specialised functions have emerged (e.g. taste 

perception, disgust, limb awareness, articulation of speech).  Craig [9] attempts to explain a 

wide variety of insula functions within a unitary account.  In his model, insular cortex 

integrates information about changes in bodily, special-sensory and cognitive states to create 

unitary feelings that encapsulate “emotional now”, “emotional self” or a “global emotional 

moment”. 

Another important consideration is whether different regions of the insula subserve 

different functions.  One apparent anatomical distinction is between the anterior and posterior 

sections.  The more posterior, granular regions of the insula, receive stronger inputs from the 

sensory thalamus and from parietal, occipital and temporal association cortices.   Posterior 

insula has been ascribed a role in somatosensory, vestibular and motor integration. The more 

anterior, agranular regions have reciprocal connections to ‘limbic’ regions including anterior 

cingulate cortex, ventromedial prefrontal cortex, amygdala and ventral striatum. Anterior 

insula is implicated in the integration of autonomic and visceral information with emotional 

and motivational functions. A second important anatomical distinction is between possible 

differences between right and left hemisphere insula functions [10]. Although finer cut 
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anatomical distinctions are possible [11], at present the neuropsychological literature does not 

speak to this.   

Patients with damage to insular cortex provide privileged means of evaluating the 

many functions associated with insula engagement. The extensive connections with other 

subcortical and cortical regions suggest that patients with damage to the insula ought to 

exhibit widespread neurological and psychological disturbances. The aim of the present 

review is to appraise and inform current theories of insula function (driven primarily from 

neuroimaging studies) in the light of neuropsychological studies (which have been featured 

less prominently).  A further goal is to highlight gaps in our present knowledge that could be 

addressed through studies of neurological patients.  An exhaustive search of the empirical 

literature was performed with keywords: insular cortex, insula, lesion entered as search 

criteria into the pubmed database.  The literature is dispersed between case reports, case 

series and lesion mapping studies, typically using statistical techniques to compute voxel-

level associations between lesion and symptom [12]. Table 1 summarises these studies 

grouped with reference to these three methodologies.  For ease of exposition, the functions 

that have been attributed to the insula are grouped together below into four general themes.  

These are; (1) interoception, emotion and emotional decision-making; (2) perceptual 

functions; (3) speech and sensory-motor integration; and (4) bodily awareness.  We also 

suggest further research approaches for examining neuropsychological effects of insular 

cortical lesions in order to extend our understanding of how the insula contributes to thinking, 

feeling and behaviour and to better predict clinical outcomes.  
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Study Patients 

(n) 

Mean time 

post onset 

(months)  

Hemisphere Insula 

Region 

Observations 

      

Case Report      

      

Hyman & 
Tranel, 1989 
[67] 

1 0 Left Posterior Aphasia 

Fifer, 1993 [52] 1 - Right Undefined Auditory agnosia 

Habib et al., 
1995 [53]  

1 - Bilateral Undefined Transient mutism, non-
verbal auditory agnosia, 
amusia 

Griffiths et al., 
1997 [86] 

1 4  Right Posterior Auditory agnosia 

Griffiths, 
Warren, Dean, 
& Howard, 
2004 [87] 

1 12 Left Anterior Amusia 

Carota et al., 
2007 [62] 

1 <1 Left Anterior Aphasia 

Starr et al., 2009 
[51] 

2 >5years Left Undefined Hypersensitivity to pain 

      

Case Series      

      

Manes, Spinger, 
Jorge & 
Robinson, 1999    
[88] 

10 1-2 Right (n=4) 

Left (n=6) 

Undefined Impaired verbal memory 
(more severe in left lesion 
patients) 
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Pritchard et al., 
1999 [48] 

6 

 

>1year 

 

Right (n=1) 

Left (n=5)  

Rostrodors
al versus 
non-
rostrodorsal 

Impaired taste recognition 
and magnitude estimate 
(taste intensity) in patients 
with rostrodorsal lesions. 

Greenspan et 
al., 1999 [54] 

6 - Right (cases 
B.B., K.B. 
and C.M.) 

Left (cases 
M.C., K.H. 
and J.E.) 

Anterior 
(C.M. and 
J.E.) 

Posterior 
(M.C.) 

Retro 
(K.H., B.B. 
and K.B) 

Deficits in:  

heat pain threshold (M.C. 
and K.H.) 

mechanical pain threshold 
(M.C., K.H and B.B.) 

Cold pain tolerance (M.C. 
and C.M.) 

Innocuous cool threshold 
M.C., K.H. and B.B) 

Cereda et al., 
2002 [49] 

4 

 

>1 Right (cases 
1 and 4) 

Left (cases 
2 and 3) 

 

Posterior 
(all) 

Sensory deficits including 
transient pain syndrome 
and in other modalities 
(Cases 2 and 4) 

Taste recognition deficits 
(case 2) 

Acute pseudovestibular 
syndrome (cases 1, 2 and 
4) 

Somatoparaphrenia (case 
4) 

Aphasia (cases 2 and 3) 

      

Lesion 
Symptom 
Mapping 

     

      

Dronkers, 1996 
[65] 

25 - Left Anterior Apraxia of Speech 

Daniels & 
Foundas, 1997 
[89] 

4 - Right (cases 
1 and 2) 

Left (cases 
3 and 4) 

Anterior 
(cases 1, 2 
and 3) 

Posterior 

Dysphagia (cases 1, 2 and 
3) 
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Table1: Neuropsychological studies of the effects of insula lesions on humans. A summary of human 

neuropsychological studies that have examined the role of the insula either studying patients with 

relatively focal lesions, or studying larger groups of patients and inferring the critical lesion site for a 

given symptom using lesion-symptom mapping methods.  

(cases 2 
and 4) 

Manes, 
Paradiso, 
Robinson,1999 
[90] 

9 2 Right (n=4) 

Left (n=5) 

Undefined Neglect (tactile, auditory 
and visual) right > left 
lesions. 

Naqvi, Rudrauf, 
Damasio, & 
Bechara, 2007 
[25] 

19 - Right (n=6) 

Left (n=13) 

Undefined Disruption of smoking 
addiction 

Clark et al., 
2008 [31] 

13 >12 Right (n=6) 

Left (n=7) 

Anterior Impaired risk adjustment 

Weller et al., 
2009 [32] 

10 >3 Right (n=5), 
Left (n=5) 

Undefined Impaired risk processing 
(insensitivity to 
probability) 

      

Voxel based 
lesion-
symptom 
mapping 

     

      

Karnath, Baier, 
& Nagele, 2005 
[77] 

14 <1 Right Posterior Anosognosia for 
hemiplegia and 
hemianaesthesia 

Borovsky et al ., 
2007[91] 

50 >12 Left Anterior Impaired production of 
fluent and complex speech 

Spinazzola et 
al., 2008 [80] 

4 2 Right Posterior Agnosia for 
hemianaesthesia 

Golay et al., 
2008[92] 

28 2 Right Posterior Neglect 
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1. Interoception, Emotion and Emotional Decision Making 

 

1.1 Interoception 

The link between interoceptive awareness and emotional cognition has its historical 

roots in the writings of James, Lange, and even Descartes, who argued that emotions are the 

perceptions of bodily responses.  For example, fear is associated with sweating and 

hyperventilating and sadness with the physical act of crying.  According to these views, 

emotion necessitates experience of such bodily responses.  These accounts fell out of favour 

with the view that bodily arousal states lack the same degree of differentiation as emotional 

states [13] and evidence that cognitive schema determine which specific emotion might arise 

from a change in bodily arousal [14].  However, elements of such peripheral theories of 

emotion reappear in several contemporary accounts, most notably Damasio’s somatic marker 

hypothesis [15].  The somatic marker hypothesis was developed to account for why patients 

with focal frontal brain lesions repeatedly manifest problems with social and motivational 

behaviour, despite awareness of the appropriate behaviour for that context. Somatic markers, 

i.e. bodily responses (related to emotional feelings) are proposed to bias and shape behaviour 

rather independently of conscious thought and awareness.  Experimentally, this was apparent 

during performance of the ‘Iowa gambling task’ where learning and avoidance of risky 

decisions develops over the course of repeated trials in healthy people who produce normal 

somatic bodily responses.   A full discussion of this theory is beyond the scope of this report 

(but see [16]).  In developments of this model, insular cortex is highlighted as an important 

neural substrate for representing these emotional markers derived from internal bodily 

responses, and through which perception of physiological responses may give rise to a 

conscious ‘gut feeling’ or urge that guides behaviour and influences future decisions.  
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Neuroimaging studies show enhancement of insula activity when threatening emotional 

stimuli are perceived consciously in conjunction with bodily arousal [17], and both the level 

of activity and spatial extent of right insula activity in fMRI predict conscious awareness of 

one’s own physiological processes such as heart beat [18].  Similarly, representations of 

changes in physiological state in mid and anterior insula appear to underpin consciously 

experienced fatigue associated with inflammation associated sickness [19].  Interoception 

may allow for representations of cardiac (baroreceptor) function within the insula [20,21,22] 

to be integrated with beliefs about ones physiological state (based on false cardiac feedback 

for example), to guide emotional attributions [23]. Interestingly, bilateral insula activation 

also commonly accompanies anxiety states associated with enhanced physiological arousal 

[24].  Naqvi and co-workers [25] showed lesions to the insula (in either hemisphere) 

diminished addictive behaviours;  patients with strokes involving insula reported greater ease 

in giving up smoking, without relapse or persistent urge to smoke, in contrast to smokers with 

strokes affecting other areas.  This effect may be the result of a reduced ability to detect 

interoceptive states linked to craving, or a reduction in hedonic feelings induced by smoking 

cigarettes [26]. This finding is also in line with a Somatic Marker model of addictive 

behaviour in which exposure to or recollection of an experience associated with a drug can 

reactivate this ’interoceptive memory’ state [7].  Future patient studies will establish how 

general the effects of insula lesions are on other forms of addiction. Evidence within the 

animal learning literature highlights the contribution of visceral states and insula cortex to 

motivational leaning [27].  In broad terms, lesions to insular cortex are predicted to 

compromise the central representation of bodily responses, and thereby impact on social and 

motivational behaviour. Neuropsychological evidence relating to this idea is discussed in the 

next two sections. 
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1.2 Emotional Decision Making 

Humans can appear irrational in their reasoning often relying on fast, intuitive, 

instinctive reactions to uncertain situations rather than rational deliberation [28].  However 

lesions affecting insular cortex may disrupt these intuitive processes. Bar-On and co-workers 

[29] recruited patients with non-focal lesions of the ventromedial prefrontal cortex, amygdala 

and insular/somatosensory cortices (experimental group) and assessed levels of emotional 

intelligence, social functioning, decision making and general cognitive ability against patients 

with focal lesions in brain regions outside limbic and viscerosensory regions (control group). 

There were no significant differences between the experimental and control group in general 

cognitive performance.  When playing the Iowa gambling task, normal subjects learn over 

time, through a schedule of rewards and punishments, to choose the one pack associated with 

the highest overall gain (and least risk) [30].  In the Bar-On study, the experimental group 

made significantly more disadvantageous than advantageous choices over time resulting in an 

overall loss compared to the controls. Patients in the experimental group also had 

significantly impaired social functioning and emotional intelligence compared with control 

patients.  Due to small group sizes in this study, the authors were unable to compare 

performance between lesion sites of interest e.g. vmPFC, amygdala and insula.  Also the 

lesions extended across other brain regions making it difficult to infer if a specific region or 

set of regions was responsible for poor task performance. However, the findings do have 

wider implications for patient recovery in terms of their neuropsychological and 

neuropsychiatric outcome.  

Clark and colleagues [31] compared performance of patients with focal stable 

ventromedial prefrontal cortex (vmPFC) lesions and focal insula lesions (greatest overlap in 

anterior portion), to a ‘control lesion’ group (lesions affecting dorsal and lateral PFC) and 

healthy control subjects on the Cambridge Gambling Task, a paradigm quantifying risky 
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decision making. Patients with insula lesions differed significantly from other groups in that 

they consistently betted at a high level, even as the odds became less favourable, thereby 

showing no evidence of risk adjustment. Paradoxically, another study demonstrates that 

insula lesion patients were more cautious in their decision-making, displaying significantly 

reduced risk-taking behaviour when compared to healthy controls even in risk advantageous 

situations where there is the potential of gaining money [32]. Common to both these 

observations [31,32] is the observed insensitivity of insula patients to the expected value 

associated with the outcome which Weller [32] proposes reflects an ‘emotional bluntness 

toward risk’.  

 

1.3 Emotion: Experience and Recognition 

Neuroimaging studies indicate a role for human insular cortex in representing 

autonomic information in the context of both negative emotion and positive emotion [33]. 

Again, the postulated role of the insula is in the ‘feeling states’ of the emotion, in particular, 

the associated bodily sensations. One prediction is that patients with insula lesions will be 

able to perceive the emotional nature of stimuli illustrated, for example by accurately 

categorising fearful and  happy faces.  However, insular patients would lack the appropriate 

affective response. Adolphs and colleagues [34] studied 108 patients with focal brain damage 

and determined the degree of lesion overlap as a function of emotional recognition. Right 

somatosensory related cortices, insula, anterior supramarginal gyrus along with left frontal 

opercular lesions were associated with poor performance in categorising facial expressions, 

consistent with the notion that the representation of bodily reactions (somatosensory and 

viscerosensory knowledge) contributes to emotional recognition through a simulatory ’as-if 

loop’. 
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In terms of specific emotional deficits following insula damage, neuropsychological 

evidence is sparse, with the exception of disgust recognition, where integrity of the left 

anteroventral insula appears important. In a single case report, Patient NK showed highly 

selective impairments for recognising disgust from facial and vocal cues and diminished 

subjective experience of disgust following a focal lesion involving the left insula and basal 

ganglia [35]. Another single case, patient B, had impaired recognition for dynamic facial 

expressions of disgust resulting from bilateral insula lesions [36]. To further clarify insula 

involvement in disgust, Kipps and colleagues [37] used voxel based morphometry to 

investigate how differences in gray matter volume, probably reflecting tissue atrophy, were 

related to deficits in emotion processing in patients with preclinical Huntington’s Disease. 

Significant correlations were found in volume of grey matter in left anteroventral insula and 

disgust recognition (this finding did not generalise to other emotions) in HD mutation 

carriers; this correlation was not present in the control group. It would be useful to establish 

whether self-reported emotional intensity and autonomic responses to emotional stimuli are 

normal in such patients. These lesion studies are consistent with neuroimaging data 

supporting a function of insular cortex in the recognition and experience of disgust, perhaps 

more so in the left hemisphere [38]. Differential hemispheric sensitivity has been proposed 

for different emotion types, with the right hemisphere activity associated with negative 

emotion and left hemisphere activity associated with positive emotion [39]. Some argue this 

functional asymmetry in emotion processing applies to insular cortex and reflects 

asymmetrical representation of homeostatic states derived from peripheral autonomic nervous 

system activity [9, 10]. The lesion data discussed thus far do not fully support this view, in 

that impairment in disgust processing results particularly from left insula damage.  However, 

insular cortex in both hemispheres is involved in gustatory representation [40, 41] and is an 

early point of convergence for gustatory, olfactory and autonomic inputs [42]. Left anterior 
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insular cortex with the frontal operculum dominates in declarative perception of taste (see 

below).  A greater body of patient-based evidence is needed to resolve whether there is 

topographic or hemispheric insula organisation with respect to negative and positive valenced 

stimuli and require further tests specifically designed to assess lateralisation differences in 

patients with unilateral lesions.  

 

 

2. Perception 

In this section the impact of insula lesions on representing sensory information to 

form integrated percepts, specifically in the context of taste, pain and audition, is addressed.  

 

2.1 Taste and Flavour 

The primary taste cortex in primates and humans is located in the rostrodorsal insula 

both anterior and posterior [42, 43] where gustatory, olfactory, and visceral sensory inputs 

required for taste representation and perception of flavour are integrated. Taste and 

interoceptive inputs enter distinct parts of the nucleus tractus solitarius forming two 

pathways, which first come together in the insula [44].  Some patients with insula tumours 

and resulting epilepsy are reported to experience seizures preceded by a gustatory aura [45] 

and insular epilepsy can trigger gustatory hallucinations [46]. Further, electrical stimulation 

of the insula in patients undergoing surgery for epilepsy can elicit nausea, unpleasant tastes 

and unpleasant throat and stomach sensations [3, 47]. 

Interestingly, evidence suggests right insula lesions induce ipsilateral perception and 

recognition deficits, whereas left insula damage results in an ipsilateral deficit in taste 

perception but a bilateral deficit in taste recognition [48, 49]. This suggests the left insula 

receives input from both sides of the tongue and relays this information to secondary taste 
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and appraisal regions accessing language. Insula lesions can disrupt acquisition and 

expression of conditioned taste aversion and the enhancement or suppression of conditioned 

immune responses coupled to either taste or olfactory cues, leaving the normal immune 

functioning unaffected [50].   Damage to the left insula is also associated with difficulties in 

assigning taste adjectives to smell (e.g. classifying an odour as “sweet”) in the absence of 

impairments in olfactory processing [51]. 

 

2.2 Pain 

The insula is a major site for cortical pain encoding [52]. Nociceptive information is 

relayed via afferent fibres from the second somatosensory cortex (SII) to the posterior insula 

and then to the anterior insula. Clinical evidence supports this idea with patients with 

posterior insula lesions (but not anterior) exhibiting heightened pain thresholds [53] or 

asymbolia (pain is perceived but its aversive nature has been abolished) [54, 55]. Further, 

evidence suggests both the posterior and anterior insular cortices are somatotopically 

organised, supporting graded rerepresentations of pain signals [56].  

Reciprocal connections with prefrontal cortex, anterior cingulate cortex, amygdala, 

parahippocampal gyrus and the SII promote the idea that the insula uses cognitive 

information to modulate connected brain regions involved in processing sensory-

discriminative, affective and cognitive-evaluative components of pain. Therefore, one could 

postulate that insula lesions would result in a complex pattern of altered sensitivity to pain 

stimuli. Recently, Starr and colleagues [57] used sensory assessment and fMRI with two 

patients who had suffered large left MCA ischemic strokes involving insular cortex, to assess 

pain perception, sensory thresholds and neural correlates of pain experience. Both patients 

were able to rate the intensity of noxious stimuli of their affected side (right) with no 

evidence of insula activation in either hemisphere. However, stimulation of the unaffected 
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side (left) was associated with activation in right insular cortex. Consistent with the previous 

literature, regions activated in controls related to generation of pain experience included 

ACC, SMA, SII, insula, DLPFC and cerebellum. Perhaps unexpectedly, both patients rated 

pain stimuli as significantly more intense compared with the healthy control group when their 

affected side was stimulated. Interestingly, there was no difference in the groups for 

unpleasantness rating of pain experience suggesting a decoupling of the two dimensions of 

pain may have occurred. The authors [57] conclude that subjective awareness of noxious 

stimuli involves multiple, distinct patterns of brain activity where insular cortex is not a 

prerequisite. 

 

2.3 Auditory Perception 

The role of insular cortex in auditory perception is controversial. There are a number 

of clinical reports of auditory agnosia on the contralateral side following insula infarction [58, 

59]. Bamiou and colleagues [60] describe auditory temporal processing deficits following 

insula infarction (particularly left hemispheric), in patients who otherwise had preserved 

cognitive function. Central auditory function in a series of patients with ischemic lesions of 

the insula and of adjacent cortical and subcortical areas, with and without involvement of 

other auditory structures, was assessed by means of a validated central auditory test battery.  

There is also evidence to suggest insula is part of a functional network supporting 

sensory integration through processing temporal information about stimuli across different 

modalities [61]. Assuming the insula does play a role in temporal synchrony detection, it is 

unclear whether this role is strictly for multisensory events or for two events in the same 

modality (a recent review of the latter highlights the role of a parietal ‘when’ route [62].  

Important questions remain such as the distinct functions of the posterior and anterior 

insula in auditory processing, e.g. whether the posterior insula is a primary sensory region 
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representing basic auditory signals, while the anterior insula reacts to bimodal information 

and integrates multimodal sensory, cognitive and affective information.  It is also of interest 

how these processes contribute to the emotional experience of music, potentially another 

important function of the anterior insula [9].   These ideas can be explored by comparing 

patients with damage affecting posterior insula to patients with anterior insula damage on 

performance of both pure auditory perception tasks and tasks which require integration of 

sensory information and the recruitment of higher associative brain regions.  

 

3. Speech and sensori-motor integration 

Dronkers [65] used the overlapping lesion method based on CT and MRI scans to 

show that lesions to the left anterior insula are associated with problems in articulation 

termed ‘apraxia of speech’, a form of aphasia. This finding is supported by a number of 

studies [63-65] but is not a universally accepted view. Hillis and colleagues [66] argue that 

Broca’s area, and not the insula, is associated with articulatory impairments. Detail of tissue 

damage was acquired using diffusion weighted and perfusion-weighted imaging revealing 

that apraxia of speech was correlated with damage to Broca’s area and not the insula.   The 

authors conclude that in apraxia of speech the insular is most commonly damaged because it 

is most vulnerable to disruption of the middle cerebral artery, and therefore this symptom and 

insular damage may be independent manifestations of large stroke [66]. Other studies have 

also noted difficulties with speech that are significantly greater in speech repetition (i.e. 

audio-motor transformation) than in reading aloud or other modes of speech production [67, 

68]. Consistent with these findings, Schmid and Ziegler [69] noted that performance in a 

multi-sensory matching task (involving audio-visual syllables) was predicted by both  

repetition ability and presence of apraxia for speech. Evidence for functional compensation of 

the insula in language arises from a study of 42 patients who underwent surgery for insular 
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low-grade glioma. Intraoperative electrical mapping evoked language, sensory (pain) and 

vestibular disturbances in some patients. Immediately following resection, 21 patients 

experienced transient contra-lateral hemiparesis, 10 patients developed articulatory disorders 

and in 7 cases inertia with loss of interest and affect (abulia) was reported [70]. However, 3 

months post surgery there was no evidence of visceral, cardiovascular, sensorimotor, 

gustatory, auditory-vestibular or language disorders in any of the patients. Research which 

fully assesses cognitive functioning in tumour patients pre-, intra- and post-operatively will 

be an important future resource for determining regional functional specificity [e.g. 71].  

Functional imaging studies show that both auditory speech perception and speech 

production activate a region in the left insula [72] and that the bilateral insula responds to 

both heard mouth sounds [non-speech] and motor execution of the mouth [73]. The 

generation of the illusory syllable in the McGurk illusion (synchronous presentation auditory 

/ba/ and visually presented /ga/ gives rise to illusory syllable /da/ [74]), relative to non-

illusory audio-visual synchronous syllables, has been linked to activation of motor 

representations of speech including the insula and Broca’s area [75].  

In sum, although there is evidence for an audio-visuo-motor representation of speech 

in the insula, there is presently insufficient evidence to distinguish its functional role (if any) 

from other speech and motor regions.  Clinical findings are inconsistent, perhaps reflecting 

inadequacies of patient selection criteria, differences in patient assessment and radiology, 

involvement of neighbouring regions and patients own inherent characteristics pre-lesion 

onset. 

 

4. Bodily Awareness 

Some patients with right posterior insula lesions deny paralysis (anosognosia for 

hemiplegia) or may deny lack of tactile sensation (anosognosia for hemianaesthesia). This 
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condition does not seem to reflect deficits in motor or sensory perception per se but a 

disturbance in the ‘highest level of organisation’ of a given function [76]. Karnath, Baier and 

Nagele [77] used lesion overlay plots to show the posterior insula is the structure most 

commonly damaged in a group of stroke patients with anosognosia for 

hemiplegia/hemiparesis compared to a group otherwise matched for clinical and demographic 

variables, where posterior insula damage occurred in half of the patients. Anosognosia for 

hemiplegia or hemiparesis predominantly originates from damage to the right side of the 

brain. It is a major neuropsychological disorder frequently observed in neurological patients 

with failure of recovery and rehabilitation often depending on its presence. Increasing 

severity of anosognosia is associated with larger lesions, suggesting that the condition may 

result from damage to or disconnection of a network of cerebral regions, typically frontal and 

parietal, and not a specific cortical or subcortical region and thus a limitation of the Karnath 

and co-workers [77] study is that the patients sustained damage to multiple brain structures. 

However Cereda and co-workers [49] report striking evidence that a focal lesion to the right 

posterior insula can be sufficient to induce a form of anosognosia – somatoparaphrenia. In 

this instance, the patient experienced delusions of being touched by a stranger’s hand and she 

thought of her upper limb as a foreign body. In healthy participants, the right posterior insula 

is activated in one multi-sensory illusion that distorts body ownership, namely the rubber 

hand illusion [78]. In this illusion, the location of one’s own arm/hand (hidden from view) is 

mislocalised to an observed arm/hand when both are stroked in synchrony. A patient group 

with lesions involving posterior insula, who are generally more resistant to the rubber hand 

illusion compared to other lesion groups, would be of future experimental interest. A 

functional imaging study used PET in healthy volunteers to show right posterior insula 

activation when visually observed movement corresponded to the participants’ executed 

movements, with activity decreasing with a reduced sense of controlling the movement [79]. 
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Thus the posterior insula seems to be significantly involved in the integration of sensory and 

motor information with input signals relating to self-awareness and expectations of the 

functioning of one’s body.  

In a recent review paper, Spinazzola and colleagues [80] argue that different disorders 

of unawareness such as varying forms of anosognosia, somatoparaphrenia and neglect are 

domain specific disorders of consciousness, with the region of brain damage differentially 

disrupting self-monitoring processes that in normal circumstances act to regulate awareness 

of our physical and cognitive status.  The insula is viewed as a comparator site, detecting 

mismatch between predicted and actual peripheral feedback and therefore may act as a key 

structure in self-monitoring.  

 

Summary and Conclusion 

 

Evidence from neuropsychological reports discussed in this paper indicates that 

insular cortex is active in multiple functional networks. Certain symptoms seem to be more 

closely associated with lesions involving the anterior insula, including disruption of affective 

responses e.g. in amusia (impaired ability to appreciate the emotional content of music) but 

also language functions, especially following left hemisphere damage. In contrast lesions 

involving the posterior insula are more likely to result in disruption of the representation of 

interoceptive information e.g. alterations in pain, temperature or tactile perception. While 

some previous reviews imply that anosognosia for hemiplegia/hemianaesthesia are disorders 

of emotional awareness that reflect anterior insula damage, evidence suggests the disorder is 

more closely associated with posterior insula damage.  

At present, models of insula function fall short of adequately explaining in detail the 

range of neuropsychological effects reviewed above. From lesion and neuroimaging data, we 
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can conclude broadly that the insula supports an integration of body and mind, yet the 

mechanisms through which these interoceptive signals are perceived, how they are translated 

into perceptual sensation (“feeling”), and compared to detect disparity between predicted and 

actual feeling states is less obvious in the presence of marked insula damage. Craig proposes 

a meta-representational model of integration across insula cortex where primary interoceptive 

signals are represented in posterior insula and are integrated with affective, sensory and 

cognitive information to be represented as a ‘global emotional moment’ where awareness of 

feeling state occurs in the anterior insula [9]. This re-representation does not imply 

redundancy, but rather the integrated whole may have an important role to play in behaviour 

and underpin certain subjective states such as those implicated in anxiety [18, 81]. Indeed 

when interoceptive mismatch is induced experimentally using false physiological feedback, 

enhanced anterior insula activity correlates with increased emotional salience attributed to 

previously unthreatening neutral face stimuli [23]. In this sense, a general function of the 

insula is as a comparator, detecting incongruence in predicted and actual emotional states. 

These concepts are embodied within an recent integrative model of insula function in which 

amplitude and variance data regarding internal physiological and external sensory 

information are represented as concurrent and prediction signals [sensory feeling states] and 

integrated into a dominant motivational feeling state [82]. Neuroimaging has shown that the 

anterior insula stores an error representation when the states are mismatched this information 

can be used in reinforcement learning, to adjust future behaviour [83, 84].  Damage to such a 

mechanism may for example result in the inability to adjust risk behaviour, as was observed 

recently [32] which could have significant clinical implications. Establishing the precise role 

of the insula in decision making under uncertainty is possible with tasks designed to probe 

specific questions e.g. whether the insula is chiefly involved in risk prediction learning or if it 

is also active in reward prediction learning.  
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Targeted evaluation (hypothesis testing) of the cognitive and emotional status of 

patients with insular lesions can be achieved using neuropsychological measures adapted to 

detect changes in functional integration, for example cross-modal integration in speech. 

Neuropsychological assessments administered at different stages post-lesion onset will aid 

the discovery of independent predictor variables linked with ongoing cognitive dysfunction 

and functional outcome.  This approach will help to address the many outstanding questions 

concerning the complex behavioural specialisations of insular cortex:  its precise role in 

interoception, emotional awareness, self recognition, risk prediction and anticipation, time 

perception and performance monitoring. It also worth noting that few studies have used 

functional neuroimaging in insular lesion patients, a powerful tool for detecting remaining 

functionality or functional reorganisation associated with normal task performance [85].  This 

is an important next step in research and is especially relevant to preoperative and 

postoperative functional imaging where insights can be gained into brain plasticity. The 

possibility of other brain regions compensating for damage to this multimodal area will have 

important implications, in terms of better understanding the pathophysiological role of this 

structure and its relationship with other brain regions. It is also important from a clinical 

perspective in tumoural surgery, due to the frequent location of gliomas in the insula; and in 

degenerative diseases such as Huntington’s and Alzheimer’s disease, where insula changes 

may be associated with early stage symptomatology.  
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